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TPH Risk for Outdoor Inhalation of Vapors from Groundwater by 
Construction Worker in Sub-area 3C 
Boeing Tract 1 Facility, St. Louis, Missouri 

This memo presents the updated risk due to total petroleum hydrocarbons (TPHs) in 
groundwater for outdoor inhalation pathway by construction worker in Sub-area 3C at the 
Boeing Tract 1 Facility in St. Louis, Missouri . This update is necessary because in the 
Risk-Based Corrective Action (RBCA) Report (RAM Group, September 2004) the 
representative groundwater concentrations were inadvertently not capped at the 
constituent solubility levels. Also refer to the memo titled Risk Evaluation of TPHfor 
Indoor Inhalation Pathway (RAM Group, January 12, 2010). 

The representative groundwater concentrations used in Sub-area 3C are presented in 
Table 1 and are compared with the solubility values. The representative groundwater 
concentrations exceeding the solubility levels were replaced with the solubility and 
hazard quotient (HQs) were recalculated. These are presented in Table 2. 

Table 3 presents the updated cumulative risks (hazard index (HI)) for construction worker 
in Sub-area 3C. The results indicate that the HI is 0.024 and are acceptable. 

Upon receipt of approval by MDNR, this memo will be included as an appendix in the 
Corrective Measures Study. 

If you have any questions, please let us know. 
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Table I 
Comparison of TPH Groundwater Representative Concentrations with Solubility in Sub-area 3C 

Boeing Tract I, St. Louis, 1\1 issouri 

TPH Groups and Carbon Solubility 
Rep. GW Cone. (ug/L) 

Ratio of Rep. GW Cone. I 
Fractions (u~/L) Solubility 

Aliphatics > nC6 to nC8 5.40E+03 1.90Et-04 3.5 
- - -- -

Aliphatics > nC8 to nC I 0 4.30E+02 1.90E+04 44 r- -
6.50E+04 0.3 Aromatics > nC8 to nC I 0 1.90E+04 

TPH-GRO 
Aliphatics > nC I 0 to nC 12 3.40E+OI 4.01 E+04 1,179 

-
Aliphalics > nC 12 lo nC 16 7.60E-OI 4.01E t 04 52,734 

-
A liphatics > nC 16 to nC21 2.50E-03 4.01 E+04 16,031_,_133 
Aromatics > nC I 0 lo nC 12 2.50E+04 4.01 E+04 1.6 - - --- - ---
Aromatics > nC 12 to nC 16 5.80E+03 4.01 E+04 6.9 
- -- - -- ---
Aromatics > nC 16 to nC2 1 6.50E+02 4.01 E+04 62 
- - - ---
TPH-DRO 

-- - - -
Aliphalics > nC21 to nC35 2.50E-03 1.48E+04 5,913,800 -
Aromatics > nC21 to nC35 6.60E+OO 1.48E+04 2,240 

·- -
TPH-ORO 

Notes: 
ug/L: Micrograms per liter 
Ratio > I: Reppresenative groundwater concentration is higher than solubi li ty and has to be set equa l to solubility. 
Rep. OW Cone.: Representative groundwater concentration 
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Table 2 
Risk Ca lcu lation of Carbon Fractions for Outdoor Inhalation of Vapors from Groundwater by Construction Worker in Sub-area 3C 

Boeing Tract I, St. Louis, Missouri 

TPH Groups and Carbon Fractions 

Aliphatics > nC6 lo nC8 
~ lipha tics > nC8 to~ 0 
Aromatics > nC8 to nC I 0 
TPH-GRO 
Aliphatics > nCIO to nC I2 
Aliphatics > nC I2 to nCI6 
Aliphatics > nC 16 to nC2 1 
Aromatics > nC I 0 to nC 12 

- -
Aromatics > nC 12 to nC 16 
Aromatics > nC 16 to nC21 
TPH-DRO 
Aliphatics > nC21 to nC35 
Aromatics > nC21 to nC35 
TPH-ORO 
Total TPH 
Notes: 
HQ: Hazard quotient 
TPH: Total petroleum hyd rocarbon 
ORO: Diesel range organic 
ORO: Gasoline range organic 
ORO: Oil range organic 
ug/L: Micrograms per liter 
OW: Groundwater 

-

-

-

Updated GW Concentration 
(ug/L) 

5.40E+03 
4.30E+02 

-
1.90E+04 

3.40E+OI 
-

7.60E-OI ----
2.50E-03 --
2.50E+04 -
5.80E+03 -
6.50E+02 

2.50E-03 
6.60E+OO -- --

HQ for Outdoor Inhalation of Vapors from Groundwater 
2004 RA Updated 
2.22E-04 6.29E-05 
6.51 E-03 1.47E-04 
2.56E-04 2.56E-04 
6.991<:-03 4.661<:-04 
2.06E-02 1.74E-05 
8.90E-02 1.69E-06 - -
8.39E-OI 5.23E-08 

-
2.48E-04 1.54E-04 
1.7 1 E-04 2.48E-05 
1.30E-04 2.12E-06 
9.491<:-01 2.01 E-04 
3.09E-OI 5.23E-08 
2.85E-05 1.27E-08 

- - -- -
3.091<:-01 6.501<:-08 
1.271<:+00 6.67 1<:-04 
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Average Soil 
COC's Cone. 

(ug/kg) 

Acetone 32 
Rcn/c nc 79 
bopropylben7c ne 17 
Methylene chloride 22 
Methyltcrt-butyl eth er 14 
n-Butylbcnzcnc 22 - -
n-Propylbcn7cne 30 
scc-Butylbcnzcne 24 
t-Butylbcntenc 5.7 -
Toluene 656 
)(y lencs Totul 259 

, Organics Totul Risk 
,TP II-ORO 47,350 
TPII -DRO ~ -- -

TPH-O~RO 33,_290 
JPH Total nisk 
CUMULATIVE RISI( -~~ _ 
Notes . 
NA: Not ava ilable 
---: Risk eva luation was not performed. 
1~11 : I Iaza rd index 
TPII : Total pclrolcwn hydroca rbon 
DRO: Diesel range organic 
ORO: Gasoline range organic 
ORO: Oi l range organic 
ug/kg: Microgram• per kilogram 
ug/L: Micrograms per liler 
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Ta hle 3 
Ind ividual l':>ecss Lifetime Ca ncer Risk (IELCR) and H:tLard Quotient (HQ) for a Future Construction Worker in Sub-area 3C 

Boein~ Tract I. St. Louis, Missouri 

- - ------ - ----- ---

Outdoor Inhalation of Outdoor Inhalation of 
Accidenta l Ingestion of Ocrmal Contact with 

l)crmul Contact with Soi l Vapors nnd Particulates Awruge Vapors from 
Soil Groundwutcr GWConc. from Soil Gro undwater 

IELCil HQ IELCR HQ IELC il HQ 
(ug/L) 

IELCR HQ IELCR HQ 
NA 1.12E-07 NA I IXE-07 NA 2.77E-07 --- --- --- --- ---

1.14E- 11 IJ. ISE-06 1.26E- 11 1.02E-05 6.46E-I I 9.17E-05 · 120 2.3 1 E-OX I.H6E..{)2 2.10E- 11 2.9ME-05 
NA r, _04E-08 NA 6.72E-OH NA 4.20E-07 -- --- -- --- ----- .. - - -

M. ISE- 1 J 1. 27E-07 9.05E-1 3 1.41 E-07 1.36E- 12 6.72E-OH --- --- -- -- ---
2.J5E- 13 5.8 1 E-09 2.62E- 13 6.45E-09 9.05E-14 2. 11 E-08 35 1.641'-10 4.04E-06 3.441'- 14 8.00E-09 --

Ni\ 6.5 1 E-07 NA 2. 17E-07 NA 2.37E-07 20M NA NA NA 3 .. 11E-06 -- -~ --
NA 1.03E-05 NA 1.15E-05 NA 5.44E-07 223 NA NA NA 2.99E-06 
NA 6.92E-07 NA 2.3 1 E-07 NA 3.39E-07 172 Ni\ NA NA 3.65E-06 
NA 1.65 1:-07 NA 5.49E-08 NA 6.64E-08 -- --- -- -- --=------ - - -- -
NA 1.14 E-07 NA 1.27E-06 NA 7.2 1 E-06 --- --- --- ---
NA 4.52E-OX NA 4.62E-08 NA I.OJE-06 --- --- --- --- --

1.24E- 11 l . I5E-05 1.38E- 11 2.38E-OS 6.60E- 11 J.Ol E-04 l .33E-08 1.86£-.02 l . IO E- 11 3.98E-05 
NA NA NA 2. 15E-04 NA 2.79E-04 2~,847 NA NA NA 4.66E-04 
NA 6.H7E-04 NA 2.09E-03 NA 5.97E-04 31.485 NA NA NA 2.0 1 E-04 --- ---

- 6.87E..{)6 1- NA ---
NA R.4HE-05 NA 2. 18E-04 NA 6.6 NA NA 6.50E-08 
NA 7.7 1 J<;-04 NA l.SlE-03 NA 8.83E-04 NA NA NA 6.67£-.04 

I.HE-11 _] . .93)~-()!1 1.38E-II l.54E-03 ~ 6.60E-I I 2-1!~_1•>()4 . . V_,31':-08 1.86E-02 2.10E-~II U71':-04 

IJ//,IFT 

Sum of Sum of HQ 
IELCil (HI ) 

NA 5.07E-07 
-

2.32E-OM I.H7E-02 
NA 5.4HE-07 

-
J.OHE- 12 3.35E-07 
1.65 E-IO 4.09E-06 

NA 4.41 E-06 
NA 2.54E-05 e 
NA 4 9 1 E-06 
NA 2.86E-07 
NA 8.5%-06 
NA 1.12E-06 

2.34E-08 1.88E-02 
NA 9.61 E-04 

-
NA 3.57E-03 
NA 
~~ --

J . IO E-04 
NA 4.84E-03 

2.J4E4>!1 ~ 2,J!JE-0_2 

e 
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TPH Risk for Outdoor Inhalation of Vapors from Groundwater by 
Construction Worker in Sub-area 3C 
Boeing Tract 1 Facility, St Louis, Missouri 

This memo presents the updated risk due to total petroleum hydrocarbons (TPHs) in 
groundwater for outdoor inhalation pathway by construction worker in Sub-area 3C at the 
Boeing Tract 1 Facility in St. Louis, Missouri . Thi s update is necessary because in the 
Risk-Based Corrective Action (RBCA) Report (RAM Group, September 2004) the 
representative groundwater concentrations were inadvertently not capped at the 
constituent solubility levels . Also refer to the memo titled Risk Evaluation of TPH.for 
Indoor Inhalation Pathway (RAM Group, January 12, 2010). 

The repre entative grow1dwater concentrations used in Sub-area 3C are presented in 
Table 1 and are compared with the solubility values. The representative groundwater 
concentrations exceeding the solubility levels were replaced with the solubil ity and 
hazard quotient (HQs) were recalculated. These are presented in Table 2. 

Table 3 presents the updated cumulative risks (hazard index (HI)) for construction worker 
in Sub-area 3C. The results indicate that the HI is 0.024 and are acceptable. 

Upon receipt of approval by MD R, this memo will be included as an appendix in the 
Corrective Measures Study. 

If you have any questions, please let us know. 
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Table I 
Comparison of TPH Groundwater Representative Concentrutions with Solubility in Sub-area 3C 

Boeing Tract I , St. Louis, Missouri 

TP H Groups and Carbon Solu bility 
Rep. GW Cone. (ug/L) 

Ratio of Rep. GW Cone. I 
Fractions (ug/ L) So lu bility 

Aliphatics > nC6 to nC8 5.40E-+ 03 1.90 E+04 3.5 -
Aliphatics > nC8 to nC I 0 4.30E-t 02 1.90E+04 44 --
Aromatics > nC8 to nC I 0 6.50E+04 1.90E+04 0.3 
TPH-G RO 
Ali phatics > nC I 0 to nC 12 J.40E+OI 4 .01 E+04 I , 179 -
A liphatics > nC 12 to nC 16 7.60E-OI 4.01 E+04 52,734 
A li phatics > nC I6 to nC2 ~ 2.50E-03 4.01 E+04 16,031 ' 133 
Aromatics > nC I 0 to nC 12 2.50E+04 4.01 E+04 1.6 
1-- - - - -- - -
Aromatics > nC 12 to nC I 6 5.80E+03 4.01 E+04 6.9 -- - -- --- -
Aromati cs > nC 16 to nC2 1 6.50E+02 4.0 1 E+04 62 -- -- -- --~-·~- - -- - --
TPH-DRO 

-
Aliphatics > nC2 1 to nC35 2.50E-03 1.48E+04 5,913 ,800 
Aromatics > nC2 1 to nC35 6.60E+OO 1.48E+04 2,240 --- - ---- - - ----
TPH-ORO 

Notes : 

ug/L: Micrograms per liter 
Ratio > I: Repprcscnative groundwater concentrat ion is higher than so lubility and has to be set equa l to solubi li ty. 
Rep. OW Cone.: Representat ive ground water concentration 
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Table 2 

Risk Calcu lation of Ca rbon Fractions for Outdoor Inhalation of Vapors from Groundwater by Construction Worker in Sub-area 3C 
Boeing Tract I, St. Louis, Missouri 

TPH Groups and Carbon Fractions 

Ali phatics > nC6 to nC8 
Aliphati cs > nC8 to nC lO 
Aromatics > nC8 to nC I 0 
TPH-GRO 
Aliphati cs > nC IO to nC l ~ 

Aliphatics > nC I2 to nC I6_ 
Aliphatics > nC I6 to ~2 1 

Aromatics > nC I 0 to nC 12 
Aromatics > nC 12 to nC 16 
Aromati cs > nC 16 to nC2 1 
TPH-DRO 
~ liphat i cs > ~C]_ I to nC35 
Aromatics > nC2 1 to nC35 
TPH-ORO 
Total TPH 

Notes: 

HQ: Hazard quotient 
TPH : Tota l petroleum hydrocarbon 
ORO: Diese l range organic 
GRO: Gaso line range organic 
ORO: Oi l range organic 
ug/L: Micrograms per liter 

GW : Ground water 
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-

Updated GW Concentration 

(ug/ L) 
5.40E1 03 
4.30E+02 

1.90E+04 

3.40E+OI -. 
7.60E-O I 

-. ---- -
2.50E-03 
2.50E1 04 

--
5.80E+03 

~ --·-

6.50E+02 

2.50E-03 -- -
6.60E+OO ---

HQ for Outdoor Inhalation of Vapors from Groundwater 

2004 RA Updated 
2.22E-04 6.29E-05 
6.5 1 E-03 1.47E-04 
2.56E-04 2.56E-04 
6.99E-03 4.66E-04 
2.06E-02 1.74E-05 - -
8.90E-02 1.69E-06 - - -
8.39E-O I 5.23E-08 

-
2.48E-04 1.54E-04 -
1.71 E-04 2.48E-05 -
1.30E-04 2. 12E-06 
9.49E-OI 2.01 E-04 -
3.09E-OI 5.23E-08 

- -
2.85E-05 1.27E-08 

- - -
3.09E-OI 6.50E-08 
1.27E+OO 6.67E-04 
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-----

Average Soil 

COCs Cone. 

(ug/kg) 

Acetone 32 

Bcn?cnc 79 

~lbcn7e nc 17 

~thy lcne chlo ride 22 

~cth~lte rt-bu ty l ether 14 

n-ButylbcnLene 22 

n-Propylbenzene 30 

scc-Butylbenzcnc 24 

l-8uty lbcn7cnc 5.7 

Toluene 656 

X ylencs Tot a I 259 

Orl(anlcs Total Ri sk 

TPH-GRO 4 7,~50 

TP II-ORO 3 11 .290 

TP H-ORO 33.290 

TPH Tota l Risk 
CUMULATI VE RI SK 

Notes : 

NA : Not ava ilab le 
---: Risk eva luation was not performed. 

HI: Hazard index 
TPII : Total petroleum hydroca rbo n 
ORO: Diesel range organi c 
GRO: Gasoline range organic 
ORO: Oil range organic 
uglkg: Micrograms pe r ki logram 
ug/l: Micrograms per liter 

No, ember 20 I 0 

rable 3 

Indi vidual E>ccs~ Lifetime Ca ncer Ri sk (IELCR) and HaLard Q uotient (HQ) for a Future Construction Worker in S ub-area JC 

Boeing Tnll' t I , St. Louis. Mi sso uri 

-------- - - ----- - -- ----- ------- - ----------------- -- - ------ ----------------- - -------- ------ ----

Accidental In gestion of 
Outdoor Inhalation of 

l}crmul Co nta ct with 
Outdoor Inhalation of 

l}crmal Contact wit h Soil Vu pors and Particulates Avcra~c 
V a 1wrs fl'Urn 

Soil GWCon c. G roundwater 
- from Soil Gro undwater 

IELC R HQ IELC R HQ IELC I~ HQ 
(ug/L) 

IELC R HQ IELC R HQ 

NA I 12E-07 NA I.IME-07 NA 2.77E-07 ... . .. ·- ... . .. -
1.14E-II 9. 15E-06 1.261'- 11 1.02E-05 6.4h E- 11 9. 17E-05 120 2.3 1 E-OH I.H6E-02 2. 10E- II 2 .9HE-05 

NA 6.04E-08 NA 6.72E-OH NA 4.20E-07 ... . .. ... ... . .. 
--

M. ISE- 13 1.27E-07 9.05E-13 1.41 E-07 1.36E- 12 6.72E-08 -- - ... . .. . .. 

2.35E-13 5.8 1 E-09 2.62E- I 3 6.45E-09 9.05E- 14 2. 11E-OH 35 1.64E- IO 4 .04E-06 3.441·- 14 H.OOE-09 -----
NA 6.5 1 E-07 NA 2. 17E-07 NA 2.37E-07 20K NA NA NA 3.3 I E-06 - -
NA 1.03E-05 NA 1. 15E-05 NA 5.44E-07 223 NA NA NA 2.99E-06 
NA 6.92E-07 NA 2.3 1 E-07 NA 3.39E-07 172 NA NA NA 3.65E-Q(, 

NA 1.65E-07 NA 5.49E-OH NA 6.64E-OR -- ... . .. . .. - · ----- - - - -- -
NA 1. 14E-07 NA 1.27E-06 NA 7.2 1 E-06 -- --- --- --- ---- ----
NA 4.52E-OK NA 4.62E-08 NA 1.0310-06 --- --- ... -- ... 

l.24 E- 11 2. 15 E-OS 1.38E-II 2.38 E-OS 6.60E- 11 1.02 E-04 2.33E-08 1.86E-02 2.10E-II 3 .98E-OS 

NA NA NA 2. 15E-04 NA 2.79E-04 24,847 NA NA NA 4.66E-04 

NA 6.87E-04 NA 2.09 E-03 NA 5.97E-04 3 1.485 NA NA NA 2.01 E-04 ---- -
NA H.48 E-05 NA 2. 18E-04 NA 6.X7E-06 6.6 NA NA NA 6.50E-OX 

NA 7.71 E-04 NA 2.52E-03 NA 8.83E-04 NA NA NA 6.67E-04 

l.24 E- II 7.93E-04 1.38E-II 2.54E-03 6.60E-II 9.85 E-04 2.33E-08 l.86 E-02 2.10E-11 7.07 E-04 

IJ/iAH 

Sum of Sum of HQ 
IELC I~ (HI) 

NA 5.07E-07 

2.32E-OH 1.87E-02 

NA 5.48E-07 

3.0HE- 12 3.35E-07 

1.651:-10 4.09E-06 
-

NA 4.41 E-06 

NA 2.54E-05 -NA 4.9 1 E-06 

NA 2.86E-07 

NA 8.59E-06 

NA 1. 12E-06 

2.34E-08 1.88 E-02 

NA 9.61 E-04 

NA 3.57E-03 

NA 3. 10E-04 

NA 4.84E-03 

2.34E-08 2.36E-02 
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